This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. In this study, we compared the mammary gland cellular microenvironment influenced/ induced by parity and STET alongside age-matched controls. Methods: Parous, STET, and control rats were injected with N-methyl-N-nitrosourea at 15 weeks and monitored for the development of mammary cancer. A subset of 4 rats were killed five weeks post carcinogen treatment and mammary gland samples were isolated and subjected to molecular analysis. Results: Our results demonstrated a reduction in cell survival, extracellular matrix associated proliferation, hormonal and growth factor receptor pathways in the experimental groups compared to control rats. Moreover, concomitant reductions in the EMT markers along with cell migration regulators were also observed in parous and STET groups. Hormonal receptor such as GHR, PR, ERα and growth factor receptors IGFR, EGFR and erbB2 were down regulated in the treatment groups. Further analysis revealed that parity and STET drastically reduced the expression, activation of JAK2 and nuclear localization of STATs. Conclusion: Parity and STET by targeting major cell signaling pathways involved in cell survival, cell migration and cell death reduces the mammary tumor promoting environment.
Introduction
Early full term pregnancy in life is the only known natural phenomenon that reduces the risk of breast cancer [1] [2] [3] . This early pregnancy-induced protection against breast cancer is also well established in the rodent models [4] [5] [6] [7] . Several investigations have been carried out to define the mechanism behind pregnancy-induced protection against breast cancer but the knowledge acquired from these studies are still limited.
Earlier studies have shown that parity causes change in the systemic environment that leads to reduction in prolactin (PRL), growth hormone (GH) and insulin like growth factors (IGFs), factors that promote mammary carcinogenesis [6, [8] [9] [10] [11] . Differentiation of mammary glands due to pregnancy has also been attributed as a reason for parity-induced protection against mammary cancer [12] . Further, some studies have reported that mammary stem cells and altered gene expressions could play a role in lowered risk of mammary cancer in parous subjects [13, 14] .
Earlier we and others have shown that administration of ovarian hormones estrogen and progesterone rendered the mammary gland resistant to tumorigenesis [7, 15, 16] . For the first time, we showed that short-term treatment with pregnancy levels of estradiol alone or in combination with progesterone conferred protection against MNU induced mammary cancer, mimicking the protective effect of parity [17] . Further, we have also demonstrated that short-term estradiol treatment (STET) was effective in reducing mammary cancer incidence in p53 null and MMTV/neu transgenic mouse models [18] .
Even though parity and STET reduces breast cancer incidence, the molecular mechanism underlying this protective effect is not well understood. Several investigations on hormonal or parity-induced prevention of breast cancer emphasize the significance of promotional environment [19] [20] [21] . But there is a major void in identifying the key factors participating and/or influencing this phenomenon. The current study was undertaken to understand the molecular players that are responsible for conferring protection against mammary carcinogenesis due to parity and STET. To identify the molecular players that are unique for breast cancer protection, we compared the molecular events that happen in sequel due to parity and STET.
Materials and Methods

Animals
Five week old Sprague Dawley rats were purchased from Harlan Sprague Dawley (Indianapolis, IN and San Diego, CA). The rats were housed in a temperature-controlled room with a 12-h light and 12-h dark cycle. They were provided food (Teklad, Madison, WI) and water ad libitum. Seven week old female rats were mated with males of approximately the same age. The pups were separated immediately after parturition. Animals were used for carcinogenesis experiments six weeks after parturition to allow involution of the mammary glands. All procedures followed the Animal Care and Use Committee guidelines of Texas Tech University Health Sciences Center.
Mammary tumorigenesis
All groups (age-matched control, parous and STET; n=20) received MNU at 15 weeks of age. A subset (n=4) of animals from each group were euthanized five weeks after the carcinogenic insult. Mammary glands from the rats were excised and a small portion was fixed in 10% neutral buffered formalin for histology and the remaining sample was snap-frozen in liquid nitrogen for molecular analysis. Mammary tumorigenesis in the remaining rats from each group was monitored by weekly palpation. The palpable mammary tumors were measured using a caliper. The two largest measurements of the tumor were recorded. The tumor volume was calculated using the formula 4/3π.r 1 2 .r 2 where r 1 is the minor radius and r 2 is the major radius. Mammary tumors were surgically excised before they reached 2.0 cm in diameter and processed similarly like the mammary glands as described above.
PCR array and real time RT-PCR
The PCR array was performed as described previously [22] . In brief, rat mammary tissue samples were homogenized in Trizol reagent (Invitrogen, Carlsbad, CA) and 1 μg of total RNA was used to perform PCR arrays to investigate PI3K signaling, AKT signaling, apoptotic signaling, cell migration and invasion signaling. (SABiosciences, Frederick, MD). A dissociation protocol run was conducted to test the melting temperature of the product as a confirmation for specificity of the primers. The ∆∆CT method of relative quantification was used to determine the fold change in gene expression after normalization with panel of house keeping genes included in the array plate.
Nuclear and cytoplasmic fractionation
Nuclear and cytoplasmic fractions of the samples were prepared using NE-PER kit (Pierce Biotech, Rockford, IL) as per the manufacturer's directions. Briefly, normal mammary tissues (50mg) were homogenized with CER I buffer containing protease and phosphatase inhibitors. The homogenate was centrifuged and the supernatant was removed. The cell pellet was reconstituted with CER II buffer and vortexed vigorously for 15 seconds. It was then centrifuged at 16,000 x g for 5 minutes and the supernatant was collected as the cytoplasic fraction. The nuclear fraction was extracted from the remaining pellet and both cytosolic and nuclear fractions were used for further analysis.
Western blots
Mammary tissue samples were homogenized with mammalian protein extraction buffer containing protease and phosphatase inhibitors (Roche Diagnostics, Indianapolis, IN). The homogenized lysates were centrifuged at 10,000 x g for 20 min at 4°C, and the supernatant fraction was collected. Protein concentrations were determined using the BCA protein assay kit (Pierce, Rockford, IL). Proteins were resolved on Mini-Protean TGX gels (Bio-Rad, Hercules, CA) and transferred to Immobilon-P polyvinylidene fluoride membranes (Millipore, Bedford, MA). The membranes were then incubated with indicated primary and specific secondary antibodies. The signal was developed using SuperSignal West Pico Chemiluminescent substrate detection solution (Pierce, Rockford, IL), and the membranes were stripped and reprobed with β-actin antibody (Sigma, St. Louis, MO). Primary antibodies used: pAKT, pmTOR, pp70S6K, pERK1/2, pp38, pJNK, cleaved caspase 3, pFAK, ILK, zeb1/2, vimentin, β-catenin, E-cadherin, slug, pEGFR, pIGFR, SHC1, GRB2, IRS1, pSTAT1, pSTAT3 from Cell Signaling (Boston, MA); Bcl2, Bax, Itg β4, ERα, ERβ, PR and pSTAT5 from Santa Cruz Biotechnology (Santa Cruz, CA); GHR, histone H1 and perbB2 are from Abcam (Cambridge, MA); JAK2 and β-actin were from Sigma (St. Louis, MO). All the secondary antibodies used were obtained from Santa Cruz Biotechnology (Santa Cruz, CA).
Gel shift assay
Gel shift assay for STAT5 DNA binding activity was performed using Affymetrix EMSA Gel shift kit (Santa Clara, CA) as per the manufacturer's directions. Briefly, nuclear extracts were incubated for 30 minutes with labeled STAT5 DNA probe (chemiluminescent label), poly d(I-C) and binding buffer. The transcription factor and DNA complex was then run on 6 % non-denaturing polyacrylamide gel and transferred to Biodyne B nylon membrane (Pall Corporation, Covina, CA). The membrane was then blocked and incubated with streptavidin-HRP mixture and the signal was developed using the substrate solution. Nuclear extract provided in the kit was incubated with labeled STAT5 DNA probe was used as a positive control and cold probe was used as a negative control.
Immunohistochemistry
Standard immunohistochemistry staining protocols were performed. In brief, specific antibodies were diluted in blocking buffer to a dilution of 1:100 -1:400. Mammary tissue sections were deparaffinized and placed in three changes of xylene, then hydrated in graded alcohol series. Antigen retrieval was achieved by placing the slides in a decloaking chamber for 15 min and blocked with 1% fetal calf serum for 15 min. Primary antibody incubation was carried out for 1 h in a humidity chamber and then covered with Ultramarque Polyscan HRP (Cell Marque Corp. Rocklin, CA) for 30 min. Then the tissue sections were incubated for 5 min with chromogen (3,3′-diaminobenzidine tetrahydrochloride [DAB]; DakoCytomation (Carpinteria, CA) and counterstained with modified Harris Hematoxylin (Sigma, St. Louis, MO) solution for 45 s, washed and placed in bluing agent for 1 min and mounted. Mammary epithelial cells with brown staining were counted as positive regardless of the intensity of the staining, while those with bluish purple staining were counted as negative cells.
Statistical analysis
The differences between groups were analyzed by unpaired Student's t test. Probability values < 0.05 were considered to be statistically significant. The GraphPad Prism 5 software package version 5.03 was used to do all the statistical calculations.
Results
Parity and STET show similar effects on breast cancer incidence
It is well known that parity and mimicking pregnancy using short-term pregnancy levels of estrogen reduces carcinogen induced mammary cancer in rats [17] . In our current study we found that compared to young virgin rats (100%), parous (9.7%) and STET animals (6.4%) had a remarkably reduced mammary cancer incidence (Fig. 1a) . Moreover, the mammary tumor multiplicity was high in the young age matched virgin rats (4.8 tumors per rat) when compared to parous and estradiol treated rats (0.1 tumor per rat) (Fig. 1b) . Similarly, parity and STET also increased the latency period for the appearance of palpable mammary tumor. The latency period was 225 ± 41 days (Mean ± SEM) in parous, 214 ± 39 days in STET animals and 136 ± 28 in controls (136 ± 28) (Fig. 1c ).
Parity and STET influenced early changes in gene expression
To delineate the underlying mechanisms, we first compared the gene expression pattern of the mammary tissue of control and experimental groups using PCR microarray analysis. Our analysis identified several genes that are differentially regulated by parity and STET. Among the differentially regulated genes, we selected and sorted them according to their cellular function. Parity and STET had similar and variable effects on different gene expressions (Table 1 ). Eif4B is highly down regulated (-16.87 fold) in the parity group among the genes involved in cell survival genes than that of virgin control, whereas estradiol treatment highly reduced the expression of gsk3b (-9.9 fold) ( Table 1 ). The analysis also found that levels of other important regulators of survival such as Akt1, Pi3kca (PI3K catalytic sub unit), Srf, Foxg1 and Raf were down regulated by both parity and STET. Parity down regulated kcnh8 (Elk1) mRNA levels, which was not affected by STET (Table 1 ). The pro-apoptotic genes such as Casp9 and Foxo3 were up regulated in both the parous and STET groups, whereas anti apoptotic genes including Tlr4, Mtcp1, Tcl1a and Myd88 were reduced compared to the controls (Table 1) . Cell migration is an important phenomenon, which determines the invasive capacity of the breast cancer cells. During cancer progression, cells have the tendency to overexpress genes involved in cell migration. In this study, parous rat mammary glands showed great reduction in the mRNA expression of cell motility genes Cdc42 (-12.87 fold), Rhoa (-14.95 fold) and Irak1 (-9.73 fold) when compared to virgin rat mammary glands. Short-term estradiol treatment highly reduced the expression of Itgb4 (-9.5 fold), Irak1 (-8.8 fold) and Hras (-7.9 fold) ( Table 1) . Expressions of Igfr1 (-7.6 and -6.8) as well as adaptors for growth factor receptor signaling Grb2 (-6.1 and -8.6), Grb10 (-5.2 and Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry -4.6), Shc1 (-3.1 and -4.1) and Sos1 (-2.4 and -3.9) were down regulated in parous and STET groups (Table 1) .
Parity and STET altered the balance between cell proliferation and cell death
From our PCR microarray results, we found, cell proliferation and cell death are the two main mechanisms altered by parity and STET. Cell proliferation and cell death are tightly regulated processes and any deregulation in this leads to increased risk for cancer. Western blot results show that virgin mammary tissues have higher basal level of proliferation and lower apoptotic signaling than that observed in parity and STET, which is in correlation with our gene expression data. A remarkable reduction in the AKT, mTOR, p70S6K and ERK1/2 phosphorylation in parous and STET shows that the overall basal level of proliferation was reduced in these groups (Fig. 2a) . Induction of apoptosis, as assessed by the expression of apoptotic markers BCL2, BAX and cleaved Caspase 3 levels, indicated that parous and STET animals had a higher rate of apoptosis compared to controls (Fig. 2b) . Parity had significant impact in reducing anti-apoptotic protein BCL2 but STET treatment-induced apoptosis, mainly by increasing pro-apoptotic protein BAX (Fig. 2b) . Both parity and STET markedly elevated cleaved caspase 3. Activation of JNK and p38, members of mitogen-activated protein kinases, which are known to play a role in induction of apoptosis, were up regulated in STET (Fig. 2b) . Parity increased the phosphorylation of JNK but not p38 when compared to virgin tissues (Fig. 2b) . This again confirms our gene expression data showing cumulative reduction in the basal proliferative signaling and an increase in apoptotic signaling in parous and STET groups. 1 . Parity and STET drastically reduced mammary cancer incidence and growth. a) Mammary cancer incidence. Female Sprague Dawley rats were divided into 3 groups. V -age matched virgin control rats, P -parous rats and E -rats received 100μg of 17-β-estradiol for 3 weeks (STET). Carcinogen (MNU;50 mg/kg) was administered at the age of 15 weeks as i.p. injection. Parous rats (9.6%) and rats treated with estradiol (6.4%) had a significant decrease in mammary cancer incidence compared to age matched virgins (100%). b) Number of mammary tumors observed per rat. Parous and STET groups had a reduced mammary tumor burden. c) Tumor latency period. Significant increase in the tumor latency period was observed in experimental groups than control group, which demonstrates the effectiveness of parity and STET against breast cancer.
Parity and STET influenced the extracellular matrix environment
Mammary epithelial cells have been shown to be influenced by extra cellular matrix proteins in both normal mammary gland development and tumorigenesis [23] . In our investigation, we observed elevated levels of integrin β4 in control rat mammary glands but reduced in the parous and STET groups (Fig. 3a) . The major signaling pathway, which induces cell proliferation in response to integrin signaling, is focal adhesion kinase and integrin-linked kinase signaling. In our results these signaling molecules showed reduction in their activation status in the parous and STET groups compared to virgin controls (Fig. 3a) . Further, we wanted to examine the major factors involved in the epithelial to mesenchymal transition (EMT) process. Among the EMT factors, virgin mammary gland showed increased expression of zeb1 and vimentin reflecting the susceptible nature of the cells to undergo EMT and migration (Fig. 3b) , whereas distinct reduction in the expression of the same proteins in the mammary glands of experimental groups showed resistance to EMT and migration conferred by parity and STET. Moreover, the expression levels of β-catenin and slug were highly reduced in the STET along with increase in E-cadherin levels, an epithelial phenotype marker (Fig. 3b) .
Parity and STET reduced the growth factor receptor and hormone receptor signaling
As per our PCR array data and previously published results, the gene expression of growth factor associated signaling and hormone receptor signaling in the mammary gland are down regulated by parity and STET [24] . We investigated whether the gene expression results are influencing the protective nature by affecting at both the translational and post translational levels. Our results revealed that estrogen receptor α (ERα), progesterone receptor (PR) and growth hormone receptor (GHR) were down regulated in the parous and STET mammary Table 1 . Gene expression analysis by PCR array in normal mammary glands from age matched virgin, parous and STET animals. Parity and STET altered the expression of genes regulating cell survival, apoptosis, cell migration and growth factor signaling. Experiments were performed in triplicates and values represent fold expression (mean ± SD). All the differentially regulated genes are statistically different from control (P<0.05) glands compared to control virgin mammary glands (Fig. 4a) . Immunohistochemistry of the mammary gland revealed higher and intense staining of ERα and PR in the virgin controls compared with parous and STET groups (Fig. 5a ). In contrast, the level of ERβ positivity was increased in the experimental groups than that of control (Fig. 5a) , which is in agreement with our western blot results. Expression of GHR, EGFR, and IGFR1 in the control mammary gland was higher than those observed in the parous and STET mammary glands. (Fig.4a,b  & 5b) . Immunoblot analysis demonstrated that phosphorylation of EGFR, IGFR and erbB2 were also low in the parous and STET animals (Fig 4b) . Analysis of downstream signaling of these hormone and growth factors such as Shc1, Grb2 and Irs1 showed a large reduction in the parous and STET mammary glands (Fig. 4c) demonstrating that the genomic alterations are also observed both at the translation and post translational levels.
Parity and STET suppresses JAK/STAT signaling
Growth hormone and growth factor receptors preferentially increase the activation of JAK/STAT pathway [25] . Our results demonstrate that JAK/STAT signaling was down regulated by parity and STET. The level of JAK2 was drastically reduced in the parous and Fig. 4 . Parity and STET reduced the growth factor receptor and hormone receptor expression and signaling. a) Expression of mammary tissue levels of ERα, ERβ, PR and GHR were assessed using immonoblot analysis. b) Evaluation of phosphorylated forms of growth factor receptors; IGFR, EGFR and erbB2 by Western blot revealed that the basal level of activation of these receptors was decreased in the parous and STET mammary glands. c) Growth factor receptor adaptor proteins, Shc1, Grb2 and Irs1 levels were also analyzed using Western blot. 6 . JAK/STAT pathway was inhibited in parous and STET mammary glands. a) JAK2/STAT pathway components and inhibitor of JAK2/STAT pathway, Socs3 were analyzed using Western blot on total cell lysate of mammary glands. Total JAK2 levels were highly reduced in the STET and parous rats compared to control rats. Downstream effectors of JAK2; STAT 1, 3 and 5 levels were also decreased in the experimental groups. Whereas JAK2/STAT3 signaling inhibitor Socs3 increased in parous and STET groups. b) Western blot analysis of nuclear and cytosolic fraction of the mammary gland samples reveled that both cytosolic and nuclear localization of STAT 1, 3 and 5 were reduced in the experimental groups than controls. c) EMSA analysis of nuclear extracts from the control and experimental group animals showed that STAT5 DNA binding activity was clearly reduced in parous and STET mammary glands.
STET mammary tissues along with reduction in the activation of downstream signaling molecules, STAT1, STAT3 and STAT5 (Fig. 6a) . Further analysis showed that activated STATs 1, 3 and 5 levels were found significantly low in the nuclear compartments of parous and STET mammary tissues than that of virgin (Fig. 6b & c) . The cytosolic fraction also showed reduction in the STAT levels in the experimental groups than in the control virgin rats (Fig.  6b) . These results collectively emphasize that both expression and activation of JAK/STAT pathway proteins were reduced in the parous and STET mammary glands.
Discussion
Despite several studies investigating the mechanism of parity-induced reduction in breast cancer risk, our current knowledge is very limited. Earlier studies have shown that the cellular, molecular, genomic, systemic and stem cell alterations could be involved in the protective nature of pregnancy and hormonal treatments [6, 10, 24, 26, 27] . One of the main aims of this study is to identify the molecular alterations in the mammary gland in response to pregnancy and short-term treatment with pregnancy levels of estradiol in parallel.
Our in vivo results confirm the protective effects of parity and STET. Mammary cancer incidence was extremely low in parous and STET rats. Multiplicity of mammary tumors was also effectively decreased in parous and STET rats, while latency of mammary tumor development was increased in these groups compared to the controls. All these in vivo studies demonstrate once again the protective nature of parity and STET against mammary carcinogenesis.
Our current study also shows that both parous and STET rats differentially regulate gene expressions. Chromatin modifications including acetylation and methylation have been postulated as one of the mechanisms of gene regulation by parity and estrogen [28, 29] . Pathway focused analysis in the current study and previous transcriptomic analysis revealed several common pathways were similarly regulated in human and rat models such as growth factor receptor signaling, cell proliferation, cell adhesion and apoptosis [19, 24, 29] . Recent finding suggests that pregnancy induces a change in chromatin remodeling and leaves the chromatin as transcriptionally inactive [30] . Previously, exogenous administration of estradiol has been shown to increase the expression of ERβ levels in the mammary epithelial cells while reducing the expression of ERα. It has been further demonstrated that estradiol increased the expression of histone deacetylase1, which was also accompanied by increased lysine methylation and acetylation of histone H3 and H4 respectively [31] . Since, the modification of histones play major role in determining the chromatin structure, we speculate that STET could modify the chromatin structure by altering the histone acetylation and methylation process.
The altered gene regulation of gene expression by parity and STET could be due to the modification of chromatin structure. Further studies are needed in this line to delineate the mechanism of STET in regulating chromatin structure.
Diminished expression of cell survival markers and cell migratory markers could be due to the suppression of ERα and other growth factor receptor pathways. Asztalos et al. showed that pregnancy caused reduction in ERα and ErbB2 levels which is in accordance with our results [32] . It is well recognized that Egfr, Igfr and ErbB2 favors migration and invasion leading to metastasis of breast cancer cells [33] . Down regulation of genes involved in ECM regulation and migration could be due to reduced growth factor receptor signaling. Many reports have shown that ERα can collaborate with growth factor receptors such as Igfr, Egfr and ErbB2 to induce mitogenic signals [34, 35] . Lowered expression of ERα and growth factor receptors induced by parity and STET may be linked to the protective effect. Moreover, parity and STET reduced the activation of AKT and mTOR proteins, which are the major proliferative signaling molecules in a cancer cell. Preclinical data suggests that activation of Akt is mainly regulated by PI3 kinase pathway, a major contributor for breast cancer development [36] .
Growth factor receptors such as Egfr, Igfr and Erbb2 are the main players that activate PI3 kinase [37, 38] . From our results it is clear that reduction in EGFR, IGFR and ERBB2 activation might have caused reduction in PI3 kinase signaling that in turn resulted in down regulation of phosphorylated AKT and cell proliferation. Another mechanism of regulation of PI3K-AKT-mTOR axis is direct binding and activation of ERα to PI3K which leads to the activation of axis. P70S6K can phosphorylate ERα at serine 167, which increases both its ligand dependent and independent transcriptional activity [39] . A reduction in ERα levels caused by parity and STET could lead to drastic inhibition of PI3K-AKT-mTOR axis, which is a main cell proliferative mechanism utilized by transformed cells. Thrane et al., (2013) demonstrated that the growth factor receptors like HER2, HER3 and EGFR initiates ERK 1/2 [40] . Down regulation of ERK1/2 signaling observed in our studies could be due to reduced activation of growth factor receptor associated tyrosine kinases such as EGFR, IGFR and ERBB2 in parous and STET animals. Suppression of ERα and growth factor receptors in the experimental groups could have contributed to the overall reduction of PI3 kinase, Akt and mTOR pathways, and suppressed tumorigenic environment.
The tumor microenvironment including the extracellular matrix (ECM) and associated stroma, are critical in tumor promotion and progression [41] . ECM and stromal compartments constantly interact with and influence epithelial cell function. Tumors with high expression of integrins increase the risk of recurrence and poor response to therapies emphasizes the importance of integrins in tumor promotion [42] . Integrins, particularly, α6β4, regulates mammary epithelial cell proliferation and differentiation through Rac activation, leading to subsequent activation of PAK1 or ILK1, which lead to cell survival [43] . Focal adhesion kinase, another dominant downstream target of integrin signaling also plays an important role in mammary gland development and cancer [44] . Activation of FAK, up regulates ERK and STAT5 signaling, results in mammary epithelial cell proliferation [45] . Loss of FAK also correlated with reduced ERK pathway and reduced Stat5 phosphorylation [45] . Moreover, FAK contributes for erbB2 mediated mammary carcinogenesis in mice, showing that FAK is an important mediator in mammary cancer progression in response to various growth factor and ECM stimulation [46] . Parity and STET induced inhibition of integrin and FAK signaling could have partially contributed the blockade in carcinogen induced mammary tumor promotion.
Loss of cell adhesion due to reduced expression of CD44 and E-cadherin is required for EMT and has been frequently reported in progressive breast cancers [47, 48] . EMT has been shown to perturb the balance of epithelial cell specific components thereby plays an essential role in cancer initiation and progression. Transcription factors such as snail, slug, zeb1 and zeb2 induces EMT by inhibiting the epithelial surface protein E cadherin [49] [50] [51] . The EMT process also influences apoptosis, cell cycle progression and resistance to therapy [51] [52] [53] [54] . Down regulation of zeb1 and slug, well-characterized EMT inducers by parity and STET could be the main reason for increased E-cadherin and restoration of epithelial phenotype. Since, zeb1, β-catenin and slug pathways are interrelated and well-connected repression of one transcription factor could have strongly influenced the reduction of other transcription factors in the experimental group [49] [50] [51] . EGFR signaling ensued by subsequent activation of ERK2 has been shown to reduce the levels of E cadherin through zeb1 pathway [55] . Thomas et al. have shown that ERβ induces EGFR degradation and thereby inhibits EMT and preserves the epithelial phenotype [56] . In our study, increased expression of ERβ was found in parous and STET mammary tissues could have caused reduction in EGFR levels and the overall reduction in EMT pathway might have lead to less potential tumorigenic environment and inhibition of tumor progression.
Earlier studies have shown that pregnancy reduces the expression of GHR and its downstream growth factor IGF [6, 10] . GHR activates JAK/STAT pathway, by inducing dimerization of JAK, which eventually phosphorylate STATs. In the normal mammary gland, JAK2 is predominant and is mainly involved in secretory alveolar cell development [57, 58] . Several studies have established the pro-tumorigenic roles of GH and IGFs in mammary tumorigenesis [59] [60] [61] . In our studies, we also found a reduction in the levels of GHR in [62] . Our current study also emphasizes that reduction in both GHR and ERα levels could have lead to the reduction of GHR induced JAK2 and IGF signaling. Phosphorylation of STATs leads to nuclear relocation and binding to their specific downstream promoters, thereby regulating expression. Parity and STET significantly inhibited the activation of STATs and this could be due to suppressed GHR signaling in the mammary glands. Expression of STAT1, 3 and 5 were found in human breast cancers and were positively associated with ERα expression demonstrating interplay between estrogen and GH signaling in breast cancer [63] . Reduced nuclear localization and diminished DNA binding capacity demonstrated by EMSA analysis reveals that STAT induced transcription was blocked in parous and STET mammary glands leading to inhibition of STAT induced oncogenic signaling.
From this study, it is clear that parity and STET induced similar effects on cell survival and apoptosis regulators. The impact of these early changes is subsequently reflected in a large reduction in cancer incidence, tumor latency and multiplicity. Further, this study emphasizes the early change in extra cellular matrix signaling, EMT and downstream effectors of hormonal and growth factor receptors. The early changes induced by pregnancy and STET in the mammary microenvironment are persistent. Moreover cumulative reduction in extracellular signaling pathways like integrin signaling, EMT shows that parity and STET does not support the promotion and progression of mammary lesions formed by carcinogen treatment. Reduced GH and IGF levels leading to reduction in JAK/STAT signaling also contribute to parity and STET induced breast cancer protection. Further study in these lines could lead to the identification of early diagnostic markers for breast cancer in highrisk populations. Detailed studies are required to dissect the mechanism of parity and STET conferred protection against breast cancer.
